Abstract-This paper presents optimized solar photovoltaic (PV) panels tilted angle software and portable solar generator for flood evacuation centre in Malaysia peninsular. Although Malaysia peninsular is located near the equatorial, there is still a need to optimize the solar PV panels tilted angle since the horizontally located solar PV panels receive less solar radiation especially in the early morning and late afternoon when the incident angle is not perpendicular to the sun. Therefore a tilted angle optimization is necessary to harvest maximum solar radiation. In this paper, the functionality of developed prototype is tested and the product design is shown in details. The testing and development is done in Universiti Putra Malaysia. The developed software is purposely to optimize the azimuth and altitude angles in which the calculation is from solar noon on designated date and time. It is an open loop system based on mathematical formula and it predicts the sun movement. Therefore sensors are not required to sense the sun location. The developed prototype structure is based on steel and able to hold 1 kW solar PV panels. It has stable base in which the battery bank, charge controller and inverter are embedded inside it. It is designed to be retractable so that it can be loaded in pick-up truck to be carried to flood evacuation centre. The tilted angle for altitude is optimized automatically by the motor when the angle value is key in to the processor. The azimuth angle can be adjusted manually since it may reduce the power consumptions. The proposed portable solar generator has been designed to generated 3.6 kWh per day based on 1kW capacity. It can provide half of power requirement for scholl hall lighting which can power up 22 LED lights.
INTRODUCTION
Renewable energy has many benefits such as environmental friendly and low operating cost in long term. Although the electricity generation potential based on solar PV in Malaysia is about 6500MW, up to 2016, solar PV panels connected to grid is only 230MW [1] . Nevertheless, Malaysian Government through sustainable energy development authority (SEDA) through various support and promotion programs has embarked on continuous effort in the development of renewable energy including solar energy [2] [3] . However, solar energy generation is always associated with the Feed-in Tariff (FIT) in Malaysia. It is a program to generate electricity by individual or industries and sell the generated energy to Tenaga National Berhad, a power utilities company. Therefore, an off-grid power generation technology is required especially for portable solar power generator. The design has to take into account of quantity of 10 solar panels with total power capacity of 1 kW. The mechanical frame must be able to hold total weight of 90 kg. Then, the calculation algorithm in optimized angle software is designed to assist the user for the optimum solar panel position at specific date and location, automatically. It will make sure the optimum power generation of solar PV panels which need to be toward the sun position. Tilted solar panel can increase the efficiency up to 23% as compared to fixed solar panel. However, the optimized tilt angle depends on geographic locations [4] . Moreover, the surrounding obstacle also affected the optimized tilt angle [5] . The tilt angle also need to be adjusted at regularly because the collected energy amount loss is significant, about 8% when use yearly average tilted angle as compared with monthly tilted angle [6] , [7] . Then, the design take into account the storage of electrical accessories such as batteries, inverters and charge controllers in waterproof casing. In next section, the software, mechanical design and testing are explained in details.
II. CALCULATION OF ENERGY REQUIREMENTS
Community hall or school main hall are often used as evacuation centre due to its strategic location and suitable size. Therefore, we have calculated the power requirement of a school main hall in Serdang, Selangor to meet evacuation centre the power requirement. The dimension of the school hall is 80 feet length, 30 feet width and 12 feet height. The project main concern is to calculate the power requirement of luminaries installed in the school hall. It has 20 luminaries with 2 LED bulbs in each of them and since each LED bulb requires 16.5W, the total required power is 660W for 20 luminaries installed in the school main hall. Consequently, 6.6 kWh of energy is required to light up 20 luminaries with LED bulbs for 10 hours.
Then, 1 kW solar generator with optimum tilted angle can generate energy as calculated below, 5 hours x 0.72 factor x 1 kW = 3.6 kWh
(1) Therefore, to power up 20 luminaries in the evacuation centre for 10 hours, 2 unit of proposed optimum tilted angle solar generator is needed.
III. SOLAR RADIATION
Energy produced from solar PV panels is determined by collected amount of solar radiation. When the solar irradiance hits the atmosphere, it can divided into several components namely direct, diffuse and reflected irradiance before being received by the solar PV panels. The global irradiance is the summation of the three components. The direct irradiance comprise of 85-90% of the global irradiance during sunny day with clear sky.
Meanwhile, the incident angle plays important role in optimization in receiving direct solar irradiance. When the incident angle, θi is higher than 0°, it will reduce the generated power. From the relationship between direct and direct normal irradiance, the following equation is established.
The ID is direct irradiance and IDN is direct normal irradiance, while θi is incident angle. Therefore, minimizing the incident angle will increase the solar irradiance harvested by solar PV panels. A system that can minimize the incident angle need to be implemented for high efficiency solar energy generation.
IV. SOLAR NOON
The angle involved in deciding solar noon is important to increase power generation by solar PV panels. The sun basically moves in an accurate trajectories. The sun location in the sky correspond to a location on earth surface specified by a pair of angles namely the azimuth angle denoted by γ and altitude angle denoted by α, depictured in Figure 1 . The angle between sun position and horizontal plane on surface of earth from observer position is called solar altitude angle. The altitude angle has maximum value during noon. This angle is represented in equation (3) based on information of local hour angle, ω, solar declination angle, δ and local latitude, φ. α= sin -1(cos φ × cos δ × cos ω + sin φ × sin δ)
Then, solar azimuth angle in which an angle between the a line running due north and the vertical planes containing the solar disk also describe the sun location. The next equation calculate the solar azimuth angle. The optimized tilted angle mechanism in the proposed design is based on automatic altitude angle setting by linear motor while azimuth angle setting is done manually to conserve power. Next figure in Figure 2 (a) shows the algorithm flow chart for optimum altitude angle. Based on the input of several parameters namely the date, latitude and longitude, the processor calculates the local standard time meridian (LSTM). Then, it calculate the equation of time (EoT) followed by time correction factor (TC) and local solar time (LST). From there, hour angle (∂), declination angle (δ) and sun's elevation angle (α) is calculated. Finally the processor display the sun's elevation angle (α) for operator to setup the solar generator based on preferred date and location. 
The solar noon altitude angle in equation 14 produced the optimized tilted angle used in this project. It is then implemented in Solar Noon Locator UPM, a software for optimized tilted angle calculation develop using virtual C on windows platform. It is shown in previous Figure 2 (b) where user need to input information such as GMT data, location and date. Then the software calculate and provide optimized tilted angle to be used for the system.
B. The Mechanical Frame
The mechanical frame used in the project is based on steel with dimension of 1485 × 1145 × 1310 mm. It is a stable design with heavy base for storing electrical parts such as batteries, inverters and charge controllers. The structure that attached to solar PV panels was design to be retractable so that it can reduce the space during transportation since it need to be carried by a pick-up truck to flood evacuation centre. The altitude angle is designed to be moved by a pair of linear actuator. The movement is controlled by a processor. Then the system is implemented by 4 set of wheel so that the azimuth angle can be set manually. The next figure shows the structure mechanical drawing. It can hold up to 10 solar PV panels and can be moved to suit the azimuth angle. Then the structure also can hold solar panel and be moved toward solar noon altitude angle. 
VII. CONCLUSION
High efficiency portable solar generator has been developed and its functionality tested. It used the optimized tilted angle approach, a well-known approach in maximizing power generation in energy generation by solar PV panels. The solar generator may be used in flood evacuation centre such as school main hall. The design is able to be loaded in a pick-up truck and able to accommodate half of power requirement for school main hall luminaries.
